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SIX-STROKE CYCLE ENGINE HAVING
SCAVENGING STROKE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a six-stroke cycle engine
that includes a scavenging stroke and executes an intake
stroke, a compression stroke, an expansion stroke, an exhaust
stroke, a scavenging intake stroke, and a scavenging exhaust
stroke, in this order.

2. Description of the Related Art

As an engine capable of lowering a cylinder temperature,
there is conventionally known a six-stroke cycle engine
including a scavenging stroke (scavenging intake stroke and
scavenging exhaust stroke) after an exhaust stroke. “Scaveng-
ing” of the scavenging stroke means an operation of replacing
the gas in the cylinder. In this specification, the scavenging
intake stroke indicates a stroke of supplying air into the cyl-
inder to replace the gas in the cylinder. The scavenging
exhaust stroke indicates a stroke of discharging air from the
cylinder to replace the gas in the cylinder.

In a conventional six-stroke cycle engine, when fresh air is
supplied into the cylinder in the scavenging intake stroke, the
wall surface of the cylinder is cooled, and the temperature of
the cylinder is lowered. When the temperature of the cylinder
is lowered, the compression ratio can be made high, and the
fuel efficiency or output can be improved. In addition, the
ignition timing can be advanced, and the output at the time of
high speed rotation can be improved. Furthermore, since the
fresh air remains in the cylinder after the scavenging exhaust
stroke, the intake volumetric efficiency can be improved in
the next intake stroke.

In the six-stroke cycle engine of this type, however, since
fresh air is discharged to the exhaust passage in the scaveng-
ing exhaust stroke, the following problems arise. More spe-
cifically, an oxygen density detected by an O, sensor provided
in the exhaust passage greatly increases, and thus correct
execution of air-fuel ratio control becomes impossible. In
addition, since a large quantity of oxygen is supplied to the
catalyst provided in the exhaust passage, oxidation reaction
excessively occurs in the catalyst. Hence, the temperature of
the catalyst abruptly rises, and NOx cannot be reduced.

To solve these problems, an arrangement for returning air
in the cylinder to an intake passage in the scavenging exhaust
stroke, as described in, for example, Japanese Patent Laid-
Open No. 2010-209683, may be used.

A six-stroke cycle engine disclosed in Japanese Patent
Laid-Open No. 2010-209683 includes a scavenging passage
that communicates a combustion chamber with an intake
passage, and a scavenging valve that opens and closes the
scavenging passage. In this six-stroke cycle engine, an intake
valve opens to supply fresh air into the cylinder in the scav-
enging intake stroke, and the scavenging valve opens to dis-
charge the air in the cylinder to the intake passage in the
scavenging exhaust stroke. That is, in this six-stroke cycle
engine, since no fresh air is discharged to the exhaust passage
in the scavenging exhaust stroke, the above-described prob-
lems do not arise.

SUMMARY OF THE INVENTION

In the six-stroke cycle engine disclosed in Japanese Patent
Laid-Open No. 2010-209683, however, since the intake valve
opens to pass intake air through a throttle valve in the scav-
enging intake stroke, pumping loss cannot be reduced.
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Preferred embodiments of the present invention have been
conceived to solve the above-described problems, and pro-
vide a six-stroke cycle engine configured to reduce pumping
loss while preventing fresh air from being discharged to an
exhaust passage in the scavenging exhaust stroke.

According to a preferred embodiment of the present inven-
tion, a six-stroke cycle engine including a scavenging stroke
includes an intake passage including a downstream end con-
nected to a combustion chamber and no throttle valve therein;
an exhaust passage including a catalyst and an upstream end
connected to the combustion chamber; a first valve config-
ured to open and close the intake passage; a second valve
configured to open and close the exhaust passage; and a valve
gear configured to operate the first valve and the second valve
so that an intake stroke, a compression stroke, an expansion
stroke, and an exhaust stroke are executed, in this order, and
to operate only the first valve so that a scavenging intake
stroke and a scavenging exhaust stroke are executed, in this
order, following the exhaust stroke, wherein the valve gear
includes a variable valve mechanism configured to continu-
ously change an opening and closing timing and a lift amount
of the first valve, and to control an intake air volume during
the intake stroke.

In the six-stroke cycle engine according to a preferred
embodiment of the present invention, the first valve substan-
tially functions as a throttle valve by the variable valve
mechanism. For this reason, the intake passage does not need
a throttle valve and therefore is configured to decrease the
resistance of the air flow therein. In the six-stroke cycle
engine, when the first valve opens in the scavenging intake
stroke and the scavenging exhaust stroke, fresh air is supplied
into the cylinder from the intake passage which has a small air
flow resistance.

For this reason, the six-stroke cycle engine reduces pump-
ing loss in the scavenging intake stroke. In the scavenging
exhaust stroke, the air in the cylinder is returned to the intake
passage.

Hence, according to a preferred embodiment of the present
invention, it is possible to provide a six-stroke cycle engine
configured to reduce pumping loss while preventing fresh air
from being discharged to an exhaust passage in the scaveng-
ing exhaust stroke.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the arrangement of a
six-stroke cycle engine according to a first preferred embodi-
ment of the present invention.

FIG. 2 is a timing chart showing valve opening and closing
timings.

FIG. 3 is ablock diagram showing a six-stroke cycle engine
according to a second preferred embodiment of the present
invention.

FIG. 41is ablock diagram showing a six-stroke cycle engine
according to the third preferred embodiment of the present
invention.

FIG. 5 is a block diagram showing another example of the
six-stroke cycle engine according to the third preferred
embodiment of the present invention.

FIG. 6 is a block diagram showing the arrangement of a
six-stroke cycle engine according to a fourth preferred
embodiment of the present invention.
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FIG. 7 is a timing chart showing the valve opening and
closing timings of the six-stroke cycle engine according to the
fourth preferred embodiment.

FIG. 8is ablock diagram showing a six-stroke cycle engine
according to a fifth preferred embodiment of the present
invention.

FIG.91is ablock diagram showing a six-stroke cycle engine
according to a sixth preferred embodiment of the present
invention.

FIG. 10 is a block diagram showing another example of the
six-stroke cycle engine according to the sixth preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

A six-stroke cycle engine including a scavenging stroke
according to a preferred embodiment of the present invention
will now be described in detail with reference to FIGS. 1 and
2.

A six-stroke cycle engine 1 shown in FIG. 1 includes an
intake valve 3, exhaust valves 4, and a scavenging valve 5 in
one cylinder 2. FIG. 1 illustrates only one cylinder 2. How-
ever, preferred embodiments of the present invention are
applicable not only to a single cylinder engine but also to a
multiple cylinder engine. In the present preferred embodi-
ment, the intake valve 3 and the scavenging valve 5 corre-
spond to a “first valve.” In the present preferred embodiment,
the exhaust valve 4 corresponds to a “second valve.”

The intake valve 3 opens and closes an intake port 7 that
opens to a combustion chamber 6. One intake valve 3 is
provided for one cylinder 2. The intake valve 3 operates by
driving a variable valve mechanism 9 of a valve gear 8 (to be
described below). The intake port 7 defines the downstream
end of an intake passage 10. The upstream end of the intake
passage 10 opens to the atmosphere via an air cleaner 11. No
throttle valve is provided in the intake passage 10. The fuel of
the six-stroke cycle engine 1 is supplied by an intake passage
injector 12 provided on a downstream portion of the intake
passage 10, or a cylinder injector 13 provided on a side of the
cylinder 2.

The exhaust valves 4 open and close exhaust ports 14 that
open to the combustion chamber 6. Two exhaust valves 4 are
provided for one cylinder 2. The exhaust valves 4 operate by
driving of the valve gear 8 (to be described below). The
exhaust ports 14 define the upstream end of an exhaust pas-
sage 15. A catalyst 16 is located in the exhaust passage 15.
The catalyst 16 is preferably a so-called three-way catalyst,
for example. An A/F sensor 17 configured to detect the oxy-
gen density in the exhaust passage 15 is provided on upstream
of the catalyst 16 in the exhaust passage 15.

The scavenging valve 5 opens and closes a scavenging port
21 that opens to the combustion chamber 6. The scavenging
port 21 defines the downstream end of the intake passage 10
together with the intake port 7.

The scavenging valve 5 is located at a position adjacent to
the intake valve 3 in the axial direction (up/down direction in
FIG. 1) of a crankshaft (not shown). The scavenging valve 5
operates by driving the variable valve mechanism 9 of the
valve gear 8 (to be described below).

The valve gear 8 converts the rotation of a camshaft into a
reciprocating motion by a cam and transmits it to the valves,
although details thereof are not illustrated. The valve gear 8
includes the variable valve mechanism 9 between the cam-
shaft and each of the intake valve 3 and the scavenging valve
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5. The variable valve mechanisms 9 is configured to continu-
ously change the opening and closing timings and lift
amounts of the intake valve 3 and the scavenging valve 5,
respectively. The variable valve mechanism 9 is preferably
implemented by, for example, a structure including a movable
gearing member between the camshaft and a rocker arm.

The valve gear 8 operates the valves so as to sequentially
execute six strokes (to be described below) as shown in FIG.
2. The six strokes are an intake stroke, a compression stroke,
an expansion stroke, an exhaust stroke, a scavenging intake
stroke, and a scavenging exhaust stroke.

In the intake stroke, the valve gear 8 opens and closes only
the intake valve 3 using the variable valve mechanism 9 so as
to obtain a predetermined intake air volume. The intake air
volume is preferably set based on, for example, the manipu-
lation amount of an accelerator pedal (not shown). After the
compression stroke and the expansion stroke are performed
after the intake stroke, the valve gear 8 opens and closes only
the exhaust valves 4 in the exhaust stroke. In the scavenging
intake stroke and the scavenging exhaust stroke following the
exhaust stroke, the valve gear 8 opens and closes only the
scavenging valve 5 using the variable valve mechanism 9. As
shown in FIG. 2, the scavenging valve 5 opens at an early
stage of the scavenging intake stroke and maintains the open
state throughout the scavenging intake stroke and the scav-
enging exhaust stroke. The scavenging valve 5 closes when
the scavenging exhaust stroke ends.

More specifically, the valve gear 8 operates the intake valve
3 and the exhaust valves 4 so as to execute the intake stroke,
the compression stroke, the expansion stroke, and the exhaust
stroke, in this order, in a state in which the scavenging valve
5 is closed. In addition, the valve gear 8 operates only the
scavenging valve 5 in a state in which the intake valve 3 and
the exhaust valves 4 are closed so as to execute the scavenging
intake stroke and the scavenging exhaust stroke, in this order,
following the exhaust stroke.

In the thus configured six-stroke cycle engine 1 including
the scavenging stroke, the scavenging valve 5 opens in the
scavenging intake stroke, and fresh air is inhaled from the
intake passage 10 into the cylinder 2 via the scavenging port
21. The resistance generated when air flows through the
intake passage 10 is much smaller than in a case in which a
throttle valve is provided. For this reason, the six-stroke cycle
engine 1 reduces pumping loss in the scavenging intake
stroke.

In the scavenging exhaust stroke, the air in the cylinder 2 is
returned to the intake passage 10 via the scavenging port 21.
For this reason, the fresh air is not discharged to the exhaust
passage 15 in the scavenging exhaust stroke.

Hence, according to the present preferred embodiment, it is
possible to provide a six-stroke cycle engine configured to
reduce pumping loss while preventing fresh air from being
discharged to the exhaust passage 15 in the scavenging
exhaust stroke.

In the six-stroke cycle engine 1 including the scavenging
stroke, the cylinder 2 is cooled during the scavenging stroke.
For this reason, the compression ratio is preferably made
high, the ignition timing is preferably advanced at the time of
high speed rotation, and the intake volumetric efficiency is
preferably raised. It is therefore possible to improve the fuel
efficiency and output. In addition, since no throttle valve is
provided in the intake passage 10, the six-stroke cycle engine
1 reduces pumping loss even in the intake stroke.

According to the present preferred embodiment, since the
six-stroke cycle engine 1 including these effects reduces
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pumping loss in the scavenging stroke, as described above,
the output is further improved, and the fuel consumption is
reduced.

The scavenging valve 5 according to the present preferred
embodiment is provided at a position adjacent to the intake
valve 3 in the axial direction of the crankshaft. For this reason,
the scavenging port 21 preferably has the same shape as the
intake port 7. The exhaust side of the cylinder 2 is not
restricted by the scavenging port 21. That is, the six-stroke
cycle engine 1 according to the present preferred embodiment
preferably is implemented only by changing the valve mecha-
nism of an existing four-stroke engine, and is therefore easily
manufactured.

Second Preferred Embodiment

An intake valve of a six-stroke cycle engine according to a
second preferred embodiment of the present invention pref-
erably is configured as shown in FIG. 3. The same reference
numerals as described with reference to FIGS. 1 and 2 denote
the same or similar elements in FIG. 3, and a detailed descrip-
tion thereof will appropriately be omitted.

A six-stroke cycle engine 1 shown in FIG. 3 includes two
intake valves 3. The intake valves 3 are provided on both sides
of a scavenging valve 5. Each intake valve 3 is opened and
closed by driving a variable valve mechanism 9.

When the arrangement using the two intake valves 3 is
used, as shown in FIG. 3, the intake air volume increases. It is
therefore possible to further improve the output.

Third Preferred Embodiment

According to a third preferred embodiment of the present
invention, a six-stroke cycle engine including a scavenging
stroke preferably also includes a supercharger, as shown in
FIGS. 4 and 5. The same reference numerals as described
with reference to FIGS. 1 to 3 denote the same or similar
elements in FIGS. 4 and 5, and a detailed description thereof
will appropriately be omitted.

The six-stroke cycle engine 1 shown in FIG. 4 includes a
supercharger 31 in the six-stroke cycle engine 1 shown in
FIG. 1. The six-stroke cycle engine 1 shown in FIG. 5
includes a supercharger 31 in the six-stroke cycle engine 1
shown in FIG. 3. The supercharger 31 according to the present
preferred embodiment preferably includes a turbocharger
including a turbine 314 on the side of an exhaust passage 15,
and a compressor 315 on the side of an intake passage 10. The
intake passage 10 according to the present preferred embodi-
ment includes an intercooler 32. The intercooler 32 cools
intake air.

According to the preferred embodiments shown in FIGS. 4
and 5, since the supercharger 31 supercharges the intake air, it
is possible to provide a six-stroke cycle engine configured to
obtain a higher output.

Fourth Preferred Embodiment

A fourth preferred embodiment of a six-stroke cycle engine
including a scavenging stroke will be described in detail with
reference to FIGS. 6 and 7. The same reference numerals as
described with reference to FIGS. 1 and 2 denote the same or
similar elements in FIGS. 6 and 7, and a detailed description
thereof will appropriately be omitted.

A cylinder 2 of a six-stroke cycle engine 1 shown in FIG. 6
includes two intake valves 3 and two exhaust valves 4. The
six-stroke cycle engine 1 according to the present preferred
embodiment includes no scavenging valve. In the present
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6

preferred embodiment, the intake valve 3 corresponds to a
“first valve” In the present preferred embodiment, the
exhaust valve 4 corresponds to a “second valve.”

A valve gear 8 according to the present preferred embodi-
ment is configured to operate the intake valves 3 in the intake
stroke, the scavenging intake stroke, and the scavenging
exhaust stroke using variable valve mechanisms 9, as shown
in FIG. 7. The variable valve mechanisms 9 are configured to
continuously change the opening and closing timings and lift
amounts of the intake valves 3 so as to obtain a predetermined
intake air volume in the intake stroke. The intake air volume
is preferably set based on, for example, the manipulation
amount of an accelerator pedal (not shown). The variable
valve mechanisms 9 open the intake valves 3 at an early stage
of the scavenging intake stroke and keep them in the open
state throughout the scavenging intake stroke and the scav-
enging exhaust stroke. The variable valve mechanisms 9 close
the intake valves 3 when the scavenging exhaust stroke ends.

More specifically, the variable valve mechanisms 9 drive
the intake valves 3 in the intake stroke so as to control the
intake air volume, and open the intake valves 3 in the scav-
enging intake stroke and the scavenging exhaust stroke so as
to supply fresh air into a combustion chamber 6 and then
discharge the air to an intake port 7.

In the thus configured six-stroke cycle engine 1 including
the scavenging stroke, the two intake valves 3 open in the
scavenging intake stroke by driving the variable valve mecha-
nisms 9, and fresh air is inhaled from an intake passage 10 into
the cylinder 2 via the intake port 7. The resistance generated
when air flows through the intake passage 10 is much smaller
than in a case where a throttle valve is provided. For this
reason, the six-stroke cycle engine 1 reduces pumping loss in
the scavenging intake stroke.

In the scavenging exhaust stroke, the air in the cylinder 2 is
returned to the intake passage 10 via the intake port 7. For this
reason, the fresh air is not discharged to an exhaust passage 15
in the scavenging exhaust stroke.

Hence, according to the present preferred embodiment, it is
possible to provide a six-stroke cycle engine configured to
reduce pumping loss while preventing fresh air from being
discharged to the exhaust passage 15 in the scavenging
exhaust stroke.

In the six-stroke cycle engine 1 including the scavenging
stroke, the cylinder 2 is cooled in the scavenging stroke. For
this reason, the compression ratio is preferably made high, the
ignition timing is preferably advanced at the time of high
speed rotation, and the intake volumetric efficiency is prefer-
ably raised. It is therefore possible to improve the fuel effi-
ciency and output. In addition, since no throttle valve is pro-
vided in the intake passage 10, the six-stroke cycle engine 1
reduces pumping loss even in the intake stroke. Furthermore,
the six-stroke cycle engine 1 performs intake by the two
intake valves 3 during the intake stroke.

According to the present preferred embodiment, since the
six-stroke cycle engine 1 including these effects reduces
pumping loss in the scavenging stroke, as described above,
the output and fuel efficiency is further improved.

In addition, the six-stroke cycle engine 1 according to the
present preferred embodiment is preferably implemented
only by changing the valve gear of an existing four-stroke
engine, and is therefore easily manufactured.

Fifth Preferred Embodiment

An intake valve of a six-stroke cycle engine including a
scavenging stroke according to a fifth preferred embodiment
of the present invention is shown in FIG. 8. The same refer-
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ence numerals as described with reference to FIGS. 1 to 3 and
6 denote the same or similar elements in FIG. 8, and a detailed
description thereof will appropriately be omitted.

A six-stroke cycle engine 1 shown in FIG. 8 includes three
intake valves 3. Each intake valve 3 is opened and closed by
driving a variable valve mechanism 9. When the arrangement
using the three intake valves 3 is used, as shown in FIG. 8, the
intake air volume further increases. It is therefore possible to
further improve the output.

Sixth Preferred Embodiment

A six-stroke cycle engine including a scavenging stroke
according to a sixth preferred embodiment of the present
invention preferably includes a supercharger, as shown in
FIGS. 9 and 10. The same reference numerals as described
with reference to FIGS. 1 to 8 denote the same or similar
elements in FIGS. 9 and 10, and a detailed description thereof
will appropriately be omitted.

The six-stroke cycle engine 1 shown in FIG. 9 is configured
by providing a supercharger 31 to the six-stroke cycle engine
1 shown in FIG. 6. The six-stroke cycle engine 1 shown in
FIG. 10 is configured by providing the supercharger 31 in the
six-stroke cycle engine 1 shown in FIG. 8. An intake passage
10 according to the present preferred embodiment includes an
intercooler 32 configured to cool intake air.

According to the present preferred embodiment, since the
supercharger 31 supercharges the intake air, it is possible to
provide a six-stroke cycle engine 1 that obtains a higher
output.

When the present preferred embodiment is used, since
fresh air cooled by the intercooler 32 is supplied into the
cylinder 2 in the scavenging intake stroke, a large cylinder
cooling effect is obtained.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

The invention claimed is:
1. A six-stroke cycle engine including a scavenging stroke,
comprising:

an intake passage including a downstream end connected
to a combustion chamber and having no throttle valve
therein;

an exhaust passage including a catalyst and an upstream
end connected to the combustion chamber;

a first valve configured to open and close the intake pas-
sage;

a second valve configured to open and close the exhaust
passage; and

a valve gear configured to operate the first valve and the
second valve so that an intake stroke, a compression
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stroke, an expansion stroke, and an exhaust stroke are
executed, in this order, and to operate only the first valve
so that a scavenging intake stroke and a scavenging
exhaust stroke are executed, in this order, following the
exhaust stroke; wherein

the valve gear includes a variable valve mechanism con-

figured to continuously change an opening and closing
timing and a lift amount of the first valve; and

the variable valve mechanism is configured to control an

intake air volume during the intake stroke.

2. The six-stroke cycle engine including a scavenging
stroke according to claim 1, wherein

the downstream end of the intake passage includes an

intake port and a scavenging port that are open to the
combustion chamber;

the first valve includes an intake valve configured to open

and close the intake port, and a scavenging valve con-
figured to open and close the scavenging port;

the valve gear is configured to operate the intake valve and

the second valve so that the intake stroke, the compres-
sion stroke, the expansion stroke, and the exhaust stroke
are executed, and to operate only the scavenging valve in
a state in which the intake valve and the second valve are
closed so that the scavenging intake stroke and the scav-
enging exhaust stroke are executed; and

the variable valve mechanism is configured to control the

intake air volume using the intake valve.

3. The six-stroke cycle engine including a scavenging
stroke according to claim 2, wherein the intake passage is
configured to supply fresh air from a supercharger, and
includes an intercooler.

4. The six-stroke cycle engine including a scavenging
stroke according to claim 1, wherein

the downstream end of the intake passage includes an

intake port that opens to the combustion chamber;

the first valve includes an intake valve configured to open

and close the intake port;
the valve gear is configured to operate the intake valve and
the second valve to execute the intake stroke, the com-
pression stroke, the expansion stroke, and the exhaust
stroke, and to operate only the intake valve in a state in
which the second valve is closed to execute the scaveng-
ing intake stroke and the scavenging exhaust stroke; and

the variable valve mechanism is configured to control the
intake air volume using the intake valve, and to open the
intake valve in the scavenging intake stroke and the
scavenging exhaust stroke to supply fresh air into the
combustion chamber and then discharge the fresh air to
the intake port.

5. The six-stroke cycle engine including a scavenging
stroke according to claim 4, wherein the intake passage is
configured to receive fresh air from a supercharger, and
includes an intercooler.
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